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CHAPTER I 
INTRODUCTION 
The general topic of development may be subdivided into morphological, 
histological and functional categories. The morphological division usually 
covers form, structure and relationships and is purely descriptive and/or 
comparative in treatment. A morphological study is of necessity four dimen¬ 
sional since a complete picture of the developmental process can only be at¬ 
tained through proper age sequences. Therefore, a study of the normal de¬ 
velopment becomes the task of describing the sequence of events in time as 
accurately as possible in terms of what is seen with the tools available, 
and to discuss these observations in the light of general biological principles. 
The embryological development of the ear of the chick is significantly 
similar to that of the human ear. Because of this and other reasons the 
chick is often used for the study of the embryological development of this 
structure. The more recent work on the ear of the chick has been concerned 
with! the tissues that influence the differentiation of the otocyst, the 
cochlear and vestibular nuclei or centers in the myelencephalon, and the 
morphogenesis of the internal ear. 
In this investigation the morphogenesis of the entire ear of the chick 
embryo and the innervation of its structures were studied during the period, 
three-to-12-days, at which time most of the developmental changes occur. An 
attempt was also made to show the relationship between the various componehts 
of the ear. 
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CHAPTER II 
REVIEW OF LITERATURE 
The normal developing ear of the chick may be divided into four areas» 
external, middle, internal and sensory. The external portion is made up 
of the external auditory meatus and the tympanum. The middle portion is 
composed of the tubo-tympanic cavity, the stapes, the auditory tube and 
the paratympanic organ. The internal portion is composed of the labyrinth. 
The sensory elements are composed of the sensory epithelium and components 
of the acoustic ganglion along with the innervation of their fibers. 
According to Lillie (1952), the external auditory meatus develops from 
the first visceral or hyomandibular cleft. The origin and fusion of the 
four protuberances, two on the mandibular and two on the hyoid arch, form 
the rim of the external auditory meatus. This process is complete by the 
sixth day. The floor of the external auditory meatus is the tympanum. 
Lillie further stated that the components of the middle ear have dif¬ 
ferent origins. The tubo-tympanic cavity is derived from the first visceral 
pouch and the pharynx. The paratympanic organ is formed from the epibranchial 
placode of the acoustico-facialis ganglion. A fusion of the stapedial plate 
and the columella forms the stapes. The columella is derived from the skeletal 
elements of the hyoid arch, while the stapedial plate is derived from a ring 
of cartilage of the auditory capsule. 
The totally differentiated otocyst, with all its subdivisions is derived 
from ectoderm, according to Lillie, and Arey (1954). The thickened patch of 
ectoderm destined to become the otocyst is visible after approximately 35 hr 
of incubation and is called the auditory placode. The placode invaginates 
to form a wide open pit which gradually closes to become the otocyst 25-to-30 
2 
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hr later. During the third day of incubation, a portion of the otocyst dif¬ 
ferentiates into the endolymphatic duct which remains in communication with 
the ectoderm for 32 hr longer. The distal portion of the endolymphatic duct 
forms the saccus by the sixth day. By the seventh day the otocyst has dif¬ 
ferentiated into the utriculus with its three semicircular canals, cochlear, 
lagena and sacculus. Thus, by the end of this period the differentiated 
otocyst may now be called the labyrinth. The labyrinth proper is divided 
into three partst the ductus endolymphaticus or recessus labyrinth!, composed 
of the endolymphatic duct and saccusj the pars superior labyrinth!, composed 
of the utriculus with its three semicircular canals, and the pars inferior 
labyrinth! composed of the ductus cochlearis, lagena and the sacculus. The 
mesenchyme surrounding the labyrinth differentiates into an embryonic carti¬ 
laginous capsule, perilymphatic tissue and spaces by the eighth day. 
The acoustico-facialis ganglion separates into the facial and acoustic, 
ganglia, according to Lillie (1952), Arey (1954) and Patten (1958). The 
acoustic ganglion differentiates into two components, the vestibular and the 
cochlear. Levi-Montalcini (1949) stated that the nerves from the vestibular 
and cochlear ganglia grow proximally into the myelencephalon and end in sepa¬ 
rate nuclei or centers. The vestibular nerve innervates the sensory areas of 
the pars superior labyrinth! and the sacculus, while the cochlear nerve in¬ 
nervates the ductus cochlearis and the lagena. 
Extensive research has been done to isolate and identify the organs or 
structures that induce portions of the ectoderm and the mesenchyme to dif¬ 
ferentiate into an ear. According to Waddington (1952), Szepenwal made 
electrolytic injuries to unincubated blastoderms and then allowed them to 
incubate. He observed that the ear was present only when the acoustico- 
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facialis ganglion was present and suggested that this ganglion was the in¬ 
ductor of the avian ear. Waddington (1937) investigated induction of the 
ear of the chick. All operations were performed on embryos between the 
stages of three and 21 somites and were subsequently incubated for one or 
two days. He removed the neural tube including the neural crest in the 
region of the ear and observed that an otic placode was formed in embryos 
younger than nine somites, but presumptive otic ectoderm at that stage was 
not capable of differentiating when transplanted to the amnio-cardiac vesicle. 
The results, he suggested, indicated that inducing agents other than neural 
material were active at that stage. He observed that an otic placode was 
not formed when both the neural material and presumptive otic ectoderm were 
removed. He transplanted neural tube from the region of the ear under the 
ectoderm in the anterior part of the head and observed that a small otic 
placode differentiated. From these results, Waddington concluded that the 
induction of the ear in normal development was due to the combined action of 
several structures of which the neural tube and tissue derived from it was 
one, but not the only one. He also stated that the determination which was 
produced by these tissues arose slowly because of the gradual amount of dif¬ 
ferentiation obtained in isolated presumptive ectoderm as it was taken from 
progressively older embryos. 
Hoadley (1924), and Waterman and Evans (1940) studied the morphogenesis 
and histogenesis of the isolated otocyst grown on chorio-allantoic membranes. 
Hoadley transplanted the otocyst of chick embryos 24-to-48 hr-old to the 
chorio-allantois of embryos nine to 19-days-old. After incubation of six to 
seven days, the grafts were studied macroscopically and microscopically. 
Waterman and Evans transplanted inner ear rudiments of chick embryos of early 
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somite to five-day-old stages to the chorio-allantois of nine-day-old embryos. 
These grafts were recovered eight to ten days following transplantation and 
studied histologically. These investigators concluded that complete 
morphogenesis of the otocyst into a normal labyrinth with all its components 
was not attained by the transplant» 
Fell (1928) investigated histogenesis and morphogenesis in the chick 
otocyst grown in vitro» She explanted otocysts from three-day-old embryos 
and fixed them for study after cultivation for four-to-20 days. From the 
histological study, she observed that histogenesis was normal but little or 
no morphological differentiation of the otocyst occurred. She concluded 
that the normal histogenesis of the three-day-old embryonic otocyst was not 
dependent upon a vascular system, nervous connection or correlative differ¬ 
entiation of gross anatomical structures. 
Waterman and Evans (1940), and Evans (1943) transplanted isolated otocysts 
from chick embryos of early somite to five-day-old stages to chorio-allantoic 
membranes. In these investigations they demonstrated that the sensory area 
differentiated morphologically and histologically when isolated from nerve 
elements and innervations. They concluded that the sensory areas of the 
labyrinth differentiated independently of nervous influence. 
Reagan (1917 unilaterally removed the otocyst from chick embryos 35-to-60 
hr-old and allowed them to incubate for eight or nine days longer. His photo¬ 
micrographs demonstrated that the stapedial plate and cartilaginous otic cap¬ 
sule were not formed on the operated side. Reagan concluded that the otocyst 
was necessary for the mesenchyme to differentiate into the stapedial plate 
and the otic capsule. 
Many of the conclusions and suggestions from the investigations on in¬ 
duction of the ear in the chick were similar to the induction studies on other 
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vertebrates. Detwiler and Van Dyke (1950) transplanted ear vesicles alone 
and ear vesicles with portions of the medulla of amphibian embryos in stages 
21 to 25 to the* anterior limb bud, first and second somites, and fourth to 
eighth somites. The embryos were fixed and studied at stage 46. From their 
studies, they concluded that the medulla was necessary for induction of the 
ear vesicle and that differentiation was most complete when the grafts oc¬ 
cupied a cephalic area. This conclusion was further substantiated by their 
later studies (1951). They transplanted the ear vesicle of Amblystoma em¬ 
bryos to regions of the mesencephalon and medulla of embryos in stage 26. 
The embryos were killed and fixed at stages 34 or 35. From these observations, 
they concluded that a continuous influence from the medulla was necessary for 
the ear vesicle to differentiate into an ear with all of its normal components. 
Van Campenhout (1935) investigated the origin of the acoustic ganglion in 
Rana pipiens embryos. He extirpated neural crest of the hyoid arch on one 
side of the embryos, grafted otic placodes to the abdominal wall and extirpated 
the rhombencephalon with its neural crest. The operations were performed on 
embryos from the stages of wide open neural groove to the stage of beginning 
tail bud. The embryos were killed and studied 12 days after the operations. 
His results demonstrated that the removal of the neural crest and 
rhombencephalon did not prevent the normal differentiation of the ear and 
acoustic ganglion, but this ganglion failed to develop in the absence of the 
ear vesicle. He also observed cells of the acoustic ganglion migrating out 
of the otic epithelium and concluded that they were derived from it. He sug¬ 
gested that this was true of all vertebrates. 
The sensory elements and areas of the labyrinth have been the subject of 
many investigations. According to Dohlman (1959), histological investigations 
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revealed that the cristae and hair cells were covered by a cupula which was 
not an artefact. Belanger (1961) stated that Steinhausen, injected India 
ink into the labyrinth and found that by tracing the diffusion of the ink, 
the cupula extended from the cristae up to the vertex of the ampulla. 
Friedman (1959), in an electron microscopic analysis of the sensory epithelium 
of the embryonic fowl, made no mention of the cupula. Evans (1943), in a 
histological study of the sensory areas of the embryonic chick ear, observed 
an otolithic membrane over this area. Fell (1928), from a study of isolated 
embryonic otocysts grown in vitro, observed that the sensory hairs passed 
into an amorphous mass resembling the otolithic sac or cupula terminalis. 
Davis (1957), from microdissections of fresh otocysts, described the 
tectorial membrane of the ear as a spiral organ. He also observed that this 
membrane was badly distorted and shrunken when it was fixed for staining. 
Friedman observed, from his electron micrographs, that turf-like structures 
were embedded in the tectorial membrane of the embryonic fowl. Evans found 
that this membrane was attached to the epithelium of the cochlear in the 
avian ear. 
Cooper (1959) stated that the acoustic ganglion of the chick was derived 
from the acoustico-facialis ganglion and was then fused with the wall of the 
otocyst to form the auditory neuro-epithelium. Lillie (1952) stated that the 
acoustic component of the acoustico-facialis ganglion was derived from the 
antero-median wall of the auditory vesicle. Since there was no demarcation 
between the bipolar neuroblasts of the ganglion and the wall of the otocyst, 
he designated this area as neuro-epithelium. Patten (1958), in his descrip¬ 
tion on the development of the chick, stated that the ganglia of the seventh 
and eighth nerves were derived from neural crest cells. 
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According to Lillie, Federici stated that the inferior branch of the 
vestibular nerve sent out a small branch that connected to the cochlear 
nerve in the chick. Board and Rasmussen (1963), from histological studies 
and microdissections of the ear of adult pigeons, found no evidence of this 
connection. 
CHAPTER III 
MATERIALS AND METHODS 
The eggs used in this investigation were obtained from the Georgia 
State Hatchery, Atlanta, Georgia. They were incubated at a terrperature 
of 37°C and rotated twice daily. The humidity was maintained with a wet 
cloth in a pan in the incubator. 
Two methods were used to study the development of the ear of the chick. 
Dissections were made to study the labyrinth from the third-to-twelfth-day 
of development at intervals of 24 hours. These dissections were performed 
under the stereoscopic microscope on living embryos kept moist with a 0.9$ 
sodium chloride solution. 
The other method used to study the developing ear was histological. The 
embryos were removed at intervals of 12 hr from the third-day to the twelfth- 
day of incubation and fixed in a solution of formol-acetic acid or a solution 
of formalin (10 cc), picric acid (90 cc), and trichloroacetic acid (0.5 cc). 
Following generally the method as outlined by Guyer (1953), the fixed embryos 
were dehydrated, cleared in oil of bergamot, infiltrated with paraffin, em¬ 
bedded, serially sectioned and affixed to slides with albumen. Both sagittal 
and transverse sections were made of the embryos at each time interval of 
12 hours. 
Two types of staining techniques were used* hematoxylin-eosin (Guyer) 
for the study of morphogenesis and the method of Bodian (1936) for the study 
of the nerve elements and the sensory areas of the ear. A modification of 
the original method was as follows» 
1. Removed paraffin with xylol and ran sections through absolute 
alcohol to distilled water. 
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2. Placed sections in 0.5% protargol solution at 37°C for from 36 to 
48 hours. The protargol solution was used only once. 
3. Rinsed sections in distilled water and transferred them to a re¬ 
ducing solution of hydroquinone (lg), sodium sulfite (5g), and 
distilled water (90 cc) for ten minutes. 
4. Washed slides in running water for four hours with a final rinse 
of distilled water. 
5. Placed sections in a 1% gold chloride solution to which three 
drops of glacial acetic acid had been added per 100 cc of solution 
for ten minutes. 
6. Rinsed in distilled water and transferred sections to a 2% oxalic 
acid solution until they turned purple. 
7. Placed sections in a 5% sodium thiosulphate solution for ten minutes. 
8. Washed for two hours in running water with a final change of dis¬ 
tilled water. 
9. Dehydrated with alcohol, cleared in xylol and mounted with balsam. 
CHAPTER IV 
OBSERVATIONS 
The morphogenesis of the ear of the chick from the third-day to the 
twelfth-day of development was based on macroscopic and microscopic obser¬ 
vations. The macroscopic study to determine the gross anatomical structure 
of the labyrinth was not as meaningful as was expected. The opaqueness of 
the embryos six days and older made dissecting difficult and the isolation 
of a completely intact labyrinth was not accomplished. The microscopic 
study was made from the slides to follow the daily developmental changes of 
the ear and the innervation of its structures. 
Morphogenesis of the Ear 
Third-dav of incubation.—The otocyst, an ovoid structure, was located 
between the ectoderm and the myelencephalon. Its dorso-lateral portion was 
constricted and in communication with the ectoderm by a tubular connection 
(Fig. 1). The wall of the otocyst was composed of several layers of embry¬ 
onic epithelial cells (Fig. 2). The basement membrane was distinct except 
in the areas of the neuro-epithelium. The neuro-epithelium, a fusion of the 
ganglionic cells with the wall of the otocyst, was located on its a.ntero- 
ventral surface (Fig. 3). These ganglionic cells made up the acoustico- 
facialis ganglion which was also in communication with the myelencephalon 
(Fig. 4). 
Fourth-day of incubation.—The otocyst was larger and more elongated; 
its wall contained fewer layers of embryonic cells (Fig. 5). The endolymphatic 
duct formed as an apical outgrowth from the medial surface of the otocyst. The 
distal portion of this duct was extended towards the ectoderm in the same plane 
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PLATE I 
(Explanation of Figures) 
*A11 figures are photomicrographs. 
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. Transverse section through the otocyst of a three-day-old chick 
embryo to show the connection of otocyst (o) with the.ectoderm 
(e). Hematoxylin-eosin. X400. 
• Transverse section through otocyst of a three-day-old chick 
embryo to show embryonic stratified epithelium (se) and the cells 
of the acoustico-facialis ganglion (af). Hematoxylin-eosin. X1800. 
• Transverse section through otocyst of a three-day-old chick embryo 
to show neuro-epithelium (ne). Bodian method. X400. 
. Transverse section through acoustico-facialis ganglion (af) and 
myelencephalon (m) of a three-day-old chick embryo. Bodian 
method. X1800. 
• Transverse section through the otocyst (o) and endolymphatic duct 




as the previous connection of the otocyst with the ectoderm. 
The acoustico-facialis ganglion separated into its two components, the 
acoustic and geniculate ganglia. However, those ganglionic cells adjacent 
to the myelencephalon were indistinguishable from each other and appeared 
to have a common connection with the brain (Fig. 6). The acoustic ganglion 
was larger in size than in the previous stage; occupied a more ventral and 
medial position, and its fibers have innervated the anterior wall of the 
otocyst (Fig. 6). 
Fifth-day of incubation.—The otocyst had increased in size, elongated 
ventrally and had a distinct triangular shape (Fig. 7). As compared to the 
fourth-day, the endolymphatic duct increased in length, narrowed in circum¬ 
ference and shifted medially (Fig. 8). An accumulation of embryonic epithe¬ 
lial cells and the évagination of the dorsal wall of the otocyst toward the 
ectoderm formed a vertical pocket (Fig. 9). A horizontal pocket also formed 
in this manner, perpendicular and ventral to the vertical one. The most 
ventral portion of the otocyst elongated and formed the lagena and cochlear. 
The cells of the acoustic and geniculate ganglia were still indistin¬ 
guishable as their fibers entered the myelencephalon (Fig. 10). The acoustic 
ganglion separated into two components: the vestibular ganglion whose fibers 
innervated the wall of the utriculus (Fig. 7), and the cochlear ganglion whose 
fibers innervated the wall of the cochlear (Fig. 11). 
Sixth-day of incubation.—The distal portion of the endolymphatic duct 
expanded to form the saccus or sac whose inner wall was composed of numerous 
folds (Fig. 12). This entire structure, duct and saccus, may now be called 
the endolymphaticus. 
The pockets of the utriculus formed three semicircular canals; the 
« PLATE II 
(Explanation of Figures)* 
g. 
All figures are photomicrographs. 
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. Transverse section through the otocyst of a four-day-old chick 
embryo to show the communication of the acoustic ganglion (ag) 
with the otocyst (o) and the myelencephalon (m). Bodian method. 
X400. 
. Transverse section through the otocyst of a five-day-old chick 
embryo to show the vestibular qanglion (vg). Bodian method. 
X400. 
. Transverse section through the otocyst (o) and endolymphatic 
duct (ed) of a five-day-old chick embryo. Hematoxylin-eosin. 
X400. 
. Transverse section through the otocyst (o) and vertical pocket 




(Explanation of Figures)* 
*A11 figures are photomicrographs.. 
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(Explanation of Figures) 
Fig. 10. Transverse section through the acoustico-facialis ganglion (af) 
as its fibers (f) entered the myelencephalon (m) of a five-day- 
old chick embryo. Median method. X1800. 
Fig. 11a. Transverse section through the cochlear (c) of a five-day-old 
chick embryo; note the nerve fibers (f) from cochlear ganglion. 
Bodian e hod. X400. 
Fig. lib. Transverse section through a portion of the cochlear of a five- 
day-old chick embryo; note the nerve fibers (f) from cochlear 
ganglion. Bodian method. X1800. 
Fig. 12. Transverse section through the endolymphatic saccus (es) and 
the anterior semicircular canal (ac) of a six-day-old chick 
embryo. Hematoxylin'-eosin, X400. 
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vertical pocket formed the anterior and posterior canals (Fig. 13), and the 
horizontal pocket formed the lateral canal (Fig. 14). At the point of at¬ 
tachment of these canals with the utriculus, there was an enlargement of its 
wall, an accumulation of epithelial cells and the formation of columnar 
structures in the ampullae (Fig. 15). This portion of the utriculus with 
the semicircular canals may now be called the pars superior labyrinthi. 
The pars inferior labyrinthi, composed of the sacculus, cochlear and 
lagena, elongated and shifted to a more ventral and medial position. The 
sacculus, a small protuberance, was located on the medial surface of the 
uppermost part of the pars inferior labyrinthi (Fig. 16). The lagena expanded 
in size and its distal portion was curved posteriorly toward the mid-line 
(Fig. 17). With all these developmental changes of the internal ear, it may 
now be called the labyrinth. 
The mesenchyme adjacent to the labyrinth formed three distinct areasi 
the membrana propria, the perilymphatic zone and the pre-cartilaginous otic 
capsule (Fig. 18). The membrana propria formed in certain areas as a single 
layer of mesenchymal cells which adhered to the labyrinth with their long 
axes parallel to it. The perilymphatic zone was composed of loose mesenchymal 
cells and spaces. These spaces were most numerous where the semicircular 
canals were attached to the utriculus. External to this zone was the pre- 
cartilaginous otic capsule. The mesenchyme lost its distintive appearance, 
the cells were more compact and directionally oriented around the labyrinth. 
This otic capsule had not formed in the region of the endolymphaticus 
(Fig. 17). 
In the middle ear both the tympanic cavity and auditory tube have formed 
(Fig. 17). The external auditory meatus formed as a small depression of the 
ectoderm 
PLATE IV 
(Explanation of Figures)* 
* 
All figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 13. Transverse section through the ampulla (a) of the anterior 
semicircular canal of a six-day-old chick embryo. Hematoxylin- 
eosin. X400. 
Fig. 14. Transverse section through the ampulla (a) of the lateral semi¬ 
circular canal of a six-day-old chick embryo. Hematoxylin- 
eosin. X400. 
Fig. 15. Transverse section through the ampulla (a) of the posterior 




(Explanation of Figures)* 
All figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 16. Transverse section through the sacculus (s), cochlear (c), 
cochlear ganglion (eg) and utriculus (u) of a six-day-old 
chick embryo. Hematoxylin-eosin. X400. 
Fig. 17, Transverse section through the labyrinth of a six-day-old chick 
embryo; note endolymphatic duct (ed), saccus (s), cochlear (c)t 
lagena (l) and anterior semicircular canal (ac). Hematoxylin- 
eosin. X140. 
Fig. 18. Transverse section through the labyrinth of a six-day-old chick 
embryo to show the three layers of mesenchyme* membrane propria 




The cells of the acoustic and geniculate ganglia adjacent to the myelen- 
cephalon were not separated as their fibers entered the brain (Fig. 19). 
Fibers from the geniculate ganglion innervated the distal portion of the 
auditory tube (Fig. 20). The vestibular component of the acoustic ganglion 
formed two main branches, the superior and inferior rami (Fig. 21). The 
superior ramus sent out nerve fibers to the cristae in the ampullae of the 
lateral and anterior semicircular canals, and the macula utriculi on the 
medial wall of the utriculus. The inferior ramus innervated the crista in 
the ampulla of the posterior semicircular canal. Fibers from the cochlear 
ganglion innervated the cochlear and lagena (Fig. 20). 
Seventh-day of incubation.—In comparison with the description of the 
ear of the six-day-old embryo, the labyrinth was larger due to the differ¬ 
ential growth of the endolymphaticus, pars superior labyrinthi and pars in¬ 
ferior labyrinthi. This entire structure shifted to a more medial position 
and the saccus and lagena curved more toward the mid-line around the 
myelencephalon. 
The membrana propria formed in more areas around the labyrinth, the 
perilymphatic area was more distinct and the cells of the pre-cartilaginous 
otic capsule became more compact (Fig, 22). 
The auditory tube was longer and the tympanic cavity larger than that of 
the previously described stages. The paratympanic organ formed between the 
otic capsule and the tympanic cavity. Two patches of dense mesenchyme 
formed on either side of the paratympanic organ (Fig. 23). The external 
auditory meatus increased in size. 
The sensory areas of the labyrinth increased in size and the number of 
fibers innervating these structures also increased. The only new change in 
PLATE VI 
(Explanation of Figures)* 
All figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 19. Transverse section through the acoustic (a) and geniculate (g) 
ganglia of a six-day-old chick embryo. Bodian method. X400. 
Fig. 20. Transverse section through the cochlear (c), cochlear ganglion 
(eg), paratympanic organ (po) and geniculate ganglion (g) of a 
six-day-old chick embryo. Bodian method. X400. 
Fig. 21. Transverse section through the labyrinth of a six-day-old chick 
embryo to show the superior (sr) and inferior (i) rami of the 
vesticular ganglion. Bodian method. X400. 
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£ 
All figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 22. Transverse section through the labyrinth of a seven-day-old 
chick embryo to show the three areas of mesenchyme: membrana 
propria (mp), perilymphatic zone (pa) and precartilaginous 
area (ca). Bodian method. X1800. 
Fig. 23* Transverse section through the paratympanic organ (po) of a 
seven-day-old chick embryo; note dense mesenchyme (dm) and 




the nerve pattern was the innervation of the sacculus by fibers from the su¬ 
perior and inferior rami of the vestibular branch of the auditory nerve 
(Fig. 24). 
Eighth-day of Incubation.—The most significant changes observed during 
the 24-hour period were the enlargement of all parts of the ear due to their 
continued differential growth and the change in the relative positions of the 
structures of the labyrinth. 
The semicircular canals of the labyrinth rotated ; the anterior canal 
to a more anterior position, the posterior canal to a posterior position 
that was perpendicular to the anterior canal, and the lateral canal to a 
position external but parallel to the anterior canal. The ampullae of the 
semicircular canals enlarged, containing more sensory cells, a larger number 
of nerve fibers and were covered by a cupula (Fig. 25). The endolymphatic 
saccus and lagena increased in circumference and curved toward the mid-line 
around the myelencephalon. 
The otic capsule (Fig. 27), stapedial plate and columella (Fig. 26) were 
clearly defined and composed of cartilaginous cells. The perilymphatic tis¬ 
sue and spaces were also distinct (Fig. 27). 
Ninth-day of incubation.—All parts of the ear, internal, middle and ex¬ 
ternal, increased in size due to the continued differential growth. There 
was a rotation of the labyrinth toward the myelencephalon and a continued curv¬ 
ing of the endolymphaticus and the pars inferior labyrinth toward the mid-line 
around the myelencephalon. 
Tenth-day of incubation.—During the 24-hour period, there was a continua¬ 
tion of the differential growth of the structures of the ear and the rotation 
of the labyrinth toward and around the myelencephalon. The most signigicant 
change during this period was the presence of convolutions in the lateral 
PLATE VIII 
(Explanation of Figures)* 
All figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 24. Transverse section through the sacculus (s) and utriculus (u) 
of a seven-day-old chick embryo; note the ampulla of the an¬ 
terior semicircular canal (a), superior (sr) and inferior (i) 
rami of the vestibular ganglion (vg). Bodian method. X400. 
Fig. 25. Transverse section through the ampulla of the anterior semi¬ 
circular canal of an eight-day-old chick embryo to show the 
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All figures are photomicrographs1; 
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(Explanation of Figures) 
Fig. 26. Transverse section through the external auditory meatus (am), 
stapedial plate (s) and columella (c) of an eight-day-old 
chick embryo. Bodian method. X400. 
Fig. 27. Sagittal section through the lagena of an eight and one-half¬ 
day-old chick embryo otic capsule (oc), papilla lagenae (pi), 
perilymphatic tissue and spaces (p). Bodian method. X1800. 
Fig. 28. Transverse section through the cochlear of a ten-day-old chick 
embryo-cochlear (c), geniculate ganglion (g), paratympanic or¬ 
gan (po). Bodian method. X400. 
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wall of the cochlear (Fig. 28). 
The separation of the pars superior labyrinthi from the pars inferior 
labyrinth! was more distinct since the opening between these structures be¬ 
came smaller. The saccus of the endolymphaticus assumed a position over¬ 
topping the myelencephalon and in close proximity with it (Fig. 29). 
Seven sensory areas of the labyrinth and their innervations were very 
distinct* the cristae in the ampullae of the three semicircular canals 
(one in each canal), the macula utriculi on the medial wall of the utriculus, 
the macula sacculi on the medial wall of the sacculus, the papilla lagenae of 
the lagena and the papilla basilaris of the cochlear, A small branch of the 
geniculate ganglion innervated the paratympanic organ (Fig. 28). 
Eleventh-day of incubation.—The most significant developmental change 
occurred in the pars inferior labyrinthi. The appearance of the tectorial 
membrane on the medial side of the cochlear (Fig. 30) and deeper and more 
numerous convolutions of its lateral wall (Fig. 31). The basement membrane 
and the membrana propria were absent in the area of the convolutions. The 
rotation and growth of the labyrinth continued, which resulted in each of 
the semicircular canals lying in a different plane. A fusion of the stapedial 
plate and the columella formed the stapes (Fig. 32). The geniculate ganglion 
sent out a small branch that was connected with the acoustic ganglion (Fig. 33). 
Twelfth-day of incubation.—During the 24-hour period, there was a con¬ 
tinuation of the growth and rotation of the labyrinth. The convolutions of 
the cochlear fused, the basement membrane and the membrana propria reformed 
in this area (Fig. 34). Thus, the cochlear of the pars inferior labyrinthi 
had numerous finger-like projections from its lateral wall and a well defined 
tectorial membrane on its medial surface. The stapes extended from the otic 
PLATE X 
(Explanation of Figures)* 
All figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 29. Transverse section through the endolymphatic saccus of a ten-day 
old chick embryo-saccus (s), myelencephalon (m). Bodian method 
X1800. 
Fig. 30. Transverse section through the cochlear of an eleven-day-old 
chick embryo to show the tectorial membrane (tm) and convolutions 
(cv). Bodian method. X1800. 
Fig. 31. Transverse section through the labyrinth of an eleven-day-old 
chick embryo-sacculus (s), cochlear (c), utriculus (u), and 
endolymphatic duct (ed). Bodian method. X140. 
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(Explanation of Figures)* 
All figures are photomicrographs. 
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(Explanation of Figures) 
Fig. 32. Transverse section through the stapes (s) of an 11-day-old 
chick embryo. Bodian method. X1800. 
Fig. 33a. Transverse section through the ear of an 11-day-old chick 
Fig. 33b. embryo to show the connection between the acoustic (a) and 
geniculate (g) ganglia-nerve fibers (f) and otic capsule (oc). 
Bodian method. XI800. 
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(Explanation of Figures)* 
All figures are photomicrographs. 
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(Explanation of Figures) 
Transverse section through the cochlear (c) of a 12-day-old chick 
embryo; note finger-like projection (fp), papilla basilaris (pb). 
Bodian method. X1800. 
Transverse section through the stapes (s) of a 12-day-old chick 




capsule across the tympanic cavity to the tympanum (Fig. 35). The tympanum 
was composed of layers of cells of varying depths and was continuous with 
the external auditory meatus and the tympanic cavity (Fig. 36). The external 
auditory meatus deepened and formed a finger-like slit that communicated with 
it by a small opening (Fig. 36). 
? 
PLATE XIII 
(Explanation of Figure)* 
Figure is a photomicrograph. 
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(Explanation of Figure) 
Fig. 36. Transverse section through the tympanic cavity (tc) of a 12- 
day-old chick embryo; note tympanum (t), external auditory 
meatus (am) and paratympanic organ (po). Bodian method. X400. 
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Histogenesis of the ear 
The external auditory meatus, a depression in the ectoderm, was visible 
on the sixth day and lined externally by skin. The two layers of the skin 
were the epidermis composed of stratified squamous epithelium and the dermis 
of varying cell depth. 
The epithelium which lined the tympanic cavity and the auditory tube, 
clearly visible on the sixth day, was generally of the simple squamous type. 
The paratympanic organ, formed during the seventh day, was lined with simple 
cuboidal epithelium except on its wall where there was a thickened columnar 
structure composed of sensory cells. The stapedial plate and columella, 
auditory ossicles, first appeared as dense mesenchyme on the sixth day, 
then as cartilage on the eighth day. 
The cartilaginous otic capsule, visible on the eighth day, surrounded 
the pars inferior labyrinthi and the pars superior labyrinthi but left the 
endolymphaticus free in the mesoderm. The mesenchyme between the labyrinth 
and otic capsule began to form perilymphatic tissue and spaces during the 
sixth day. These spaces were lined with flattened mesenchymal cells arranged 
like an epithelium. Portions of the perilymphatic tissue remained attached to 
the labyrinth and formed a support for blood vessels and nerves. The membrana 
propria was a single layer of mesenchymal cells adhering to the labyrinth which 
was visible in certain areas during the sixth day and sompletely formed by the 
eighth day. 
The otic capsule immediately after its formation was lined by embryonic 
stratified epithelium of varying number of layers. The epithelial lining of 
the four-day-old endolymphatic duct was composed of stratified cuboidal cells. 
The epithelial lining of the saccus, differentiated by the sixth day, was of 
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the squamous type with the inner wall composed of numerous folds. The 
endolymphatic duct was composed of squamous epithelium of varying thickness. 
Squamous epithelium lined the utriculus and the semicircular canals except 
in the sensory areas. These sensory areas, the macula utriculi, the cristae 
in the ampullae, were composed of supporting cells and hair cells. The sup¬ 
porting cells were of the slender columnar type which contained a bundle of 
tonofibrils and a round nucleus at the lower end. Ths hair cells were lodged 
between the supporting cells but occupied only the upper half of the epithelium. 
They have the form of a short flask with a round bottom. At the edge of the 
sensory areas, the hair cells ended abruptly, but the supporting cells gradu¬ 
ally passed into the squamous epithelium of the rest of the wall of the utric¬ 
ulus. 
The epithelium which lined the pars inferior labyrinthi was of the squa¬ 
mous type except in the sensory areas. These sensory areas, papilla lagenae 
and papilla basilaris consisted of hair cells arranged in a row supported by 
supporting cells. Both of these types of cells were basically the same as 
in the sensory areas of the pars superior labyrinthi. 
All the sensory areas possessed large numbers of nerve fibers and gangli¬ 
onic cells. The myelinated fibers lost their sheaths as they entered the 
basement membrane and bare axons arose between the supporting cells to inner¬ 




The morphogenesis of the ear is divided into two periods. The first 
period, differentiation, covers the time sequence from the initiation of 
the development of the ear to the formation of all the structures that are 
present in the adult ear. The second period is the differential growth of 
these structures and the changing of their relative positions. 
The period of differentiation begins with the induction of the ear. 
Waddington (1937, 1952) stated that several tissues cooperated to induce a! 
patch of ectoderm to invaginate and form an otocyst. Lillie (1952) stated 
that this process of ectodermal invagination began approximately 33 hr after 
incubation and that the otocyst was completely detached from the ectoderm 
70 hr later. McEwen (1957), however, stated that the otocyst was detached 
from the ectoderm during the fifth-day of incubation. In the observations 
presented here, it was found that the communication between the otocyst and 
the ectoderm was lost by the fourth day of incubation. This discrepancy of 
time may be due to variations in the individual organisms or the incorrect 
calculation of incubation time. 
During the fourth day of incubation, the dorsal wall of the otocyst 
evaginated to form an apical outgrowth, the endolymphatic duct, that extended 
laterally. The wall of this newly formed structure was thinner than the ad¬ 
jacent wall of the otocyst. The rotation of the otocyst medially changed the 
relative position of the endolymphatic duct from a dorso-lateral to a dorso- 
medial position. The distal end of the duct expanded to form the saccus dur¬ 
ing the sixth day of incubation. The wall of the saccus was composed of 
numerous folds that Lillie stated were glandular. Thus, by the end of the 
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sixth day the recessus labyrinth! or endolymphaticus was differentiated. 
The structures of the pars superior labyrinthi differentiated during a 
24-hr period between the fifth and sixth day of incubation. An accumulation 
of cells on the dorso-lateral wall of the otocyst and its out-pushing toward 
the ectoderm formed a vertical pocket. This pocket divided into anterior and 
posterior ledges that subsequently differentiated into the anterior and pos¬ 
terior semicircular canals. The horizontal pocket formed ventrally and dif¬ 
ferentiated into the lateral semicircular canal. During the differentiation 
of these canals, the basement membranes were absent, but reformed when the 
canals were completed. McEwen (1957) stated that the canals were formed by 
a gradual constricting away of the hollow ledges so that they became separated 
from the otocyst except at their ends. However, O'Rahilly (1963) from a histo¬ 
logical study of human embryos, stated that cellular disintegration occurred 
in the otic vesicle so that the hollow ledges of the pockets were converted 
into canals that were attached by their ends to the utriculus proper. During 
the differentiation of the canals a dilation occurred in each canal to form 
the ampulla. 
While the dorsal portion of the otocyst was differentiating into the 
pars superior labyrinthi and the endolymphaticus, the ventral portion was 
growing downward to form the pars inferior labyrinthi. The cochlear and 
lagena were differentiated by the sixth day and the sacculus a day later. 
After ten days of incubation, convolutions were formed in the lateral wall 
of the cochlear and the tectorial membrane was differentiated on its medial 
surface. The basement membrane and the membrana propria were absent in this 
area. Two days later, the convolutions were fused to form finger-like pro¬ 
jections and the membranes were reformed. 
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The differentiation of the acoustico-facialis ganglion into its com¬ 
ponents was a progressive change that occurred during a 48-hr period from the 
fourth to sixth day of incubation. Meanwhile, the sensory areas of the laby¬ 
rinth were also being differentiated; these were the macula utriculus, cristae 
in the ampulla, papilla basilaris and papilla lagenae, independent of nervous 
influence. Evans (1943) demonstrated with chorio-allantoic grafts that the 
differentiation of sensory areas were independendent of nerve influences. A 
gelatinous mass covered the sensory areas of the labyrinth, the cupula of the 
cristae and the otolithic membrane of the maculae. These gelatinous masses 
were described by Dohlman (1959), Evans (1943) and Fell (1928). 
The superior ramus of the vestibular component of the acoustic ganglion 
innervated the cristae of the anterior and lateral semicircular canals and the 
macula of the utriculus. The inferior ramus innervated the crista of the 
posterior semicircular canal. The cochlear ganglion sent out nerve fibers 
that innervated the papilla lagenae and the papilla basilaris. Twenty four 
hours later, nerve fibers from both the inferior and superior rami of the 
auditory nerve innervated the macula saculi of the sacculus. Lillie (1952) 
stated that the sensory cells differentiated from the epithelium of the laby¬ 
rinth and the nerve fibers from the bipolar neuroblasts of the acoustic ganglion. 
According to Lillie, Federici stated that the inferior ramus of the audi¬ 
tory nerve sent out a branch that was connected to the cochlear nerve. Board 
and Pasmussen (1963) found no evidence of this connection. From the observa¬ 
tions presented here, evidence was not found that a connection of this type 
existed either. However, it was found that the geniculate ganglion sent out 
a branch that was connected to the acoustic ganglion. 
During the period of differentiation, mesenchyme differentiated into the 
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membrana propria, perilymphatic tissue and spaces and the cartilaginous cells 
of the otic capsule and the stapes. All structures of the middle and external 
ear were formed during this periods the stapes, the tympanic cavity, auditory 
tube, the paratympanic organ which constricted off the distal portion of the 
tube, the tympanum and the external auditory meatus. 
The period of differential growth begins during the seventh day, after 
all the structures of the ear are formed. These rapid growth changes resulted 
in the rotation and shifting in the relative positions of the various compon¬ 
ents of the ear. The positional changes of the labyrinth were* a rotation 
so that the endolymphatic duct and saccus were medially placed, a shifting of 
the long axis from a vertical to a more and more horizontal position, and a 
curving of the lagena and the endolymphaticus around the myelencephalon toward 
the mid-line. 
The final shape of the labyrinth seemed to be partly determined by the 
relationship of adjacent structures to it. The investigations by Hoadley 
(1924), Waterman and Evans (1940) and Evans (1943) of the otocyst grown on 
chorio-allantoic membranes demonstrated that histogenesis was normal and com¬ 
plete; howe\er, morphological differentiation did not occur. These findings 
suggested that morphogenesis of the ear may be dependent on the relationship 
between it and other structures. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1. The histogenesis and morphogenesis of the ear of the chick embryo were 
studied microscopically and macroscopically from the third day to the 
twelfth day of incubation. 
2. Morphogenesis may be divided into two periods* differentiation from 
the third day up to the seventh day of incubation and differential 
growth from the seventh day through the twelfth day. 
3* There was a correlation between cellular activity and the formation, 
disappearance and reformation of the basement membrane. During the 
period of differentiation it disappeared, but reformed when differen¬ 
tiation was completed. 
4. A connection between the cochlear and vestibular nerves was not 
observed. 
5. The geniculate ganglion sent out a small branch that was connected 
with the acoustic ganglion. 
6. There may be a functional relationship between the convolutions of the 
cochlear and the physiology of hearing. This area needs further study. 
A description of these convolutions was not found in the literature 
covered during this investigation. 
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